Abstract The aim of this study was to evaluate a low-dose CT with oral contrast medium (LDCT) for the diagnosis of acute appendicitis and compare its performance with standard-dose i.v. contrast-enhanced CT (standard CT) according to patients' BMIs. Eighty-six consecutive patients admitted with suspicion of acute appendicitis underwent LDCT (30 mAs), followed by standard CT (180 mAs). Both examinations were reviewed by two experienced radiologists for direct and indirect signs of appendicitis. Clinical and surgical follow-up was considered as the reference standard. Appendicitis was confirmed by surgery in 37 (43%) of the 86 patients. Twenty-nine (34%) patients eventually had an alternative discharge diagnosis to explain their abdominal pain. Clinical and biological follow-up was uneventful in 20 (23%) patients. LDCT and standard CT had the same sensitivity (100%, 33/33) and specificity (98%, 45/46) to diagnose appendicitis in patients with a body mass index (BMI) ≥ 18.5. In slim patients (BMI < 18.5), sensitivity to diagnose appendicitis was 50% (2/4) for LDCT and 100% (4/4) for standard CT, while specificity was identical for both techniques (67%, 2/3). LDCT may play a role in the diagnostic workup of patients with a BMI ≥ 18.5.
Introduction
Abdominal CT is widely accepted as the most accurate imaging method to assess or rule out the diagnosis of acute appendicitis [1] [2] [3] [4] [5] [6] [7] [8] [9] . Because acute appendicitis is a common abdominal emergency affecting young adults, the high amount of radiation dose delivered by abdominal CT raises a major concern with regard to its systematic use as the first-line examination tool in this population [10, 11] . To reduce the radiation dose, some authors suggest that sonography should be the initial screening of patients with suspicion of appendicitis [12] [13] [14] [15] . However, in spite of the fact that, in skilled hands, sonography has been reported to be highly specific in the depiction of appendicitis, it is limited by a high rate of false negative or indeterminate results [16] [17] [18] . Therefore, its role in a busy emergency centre is controversial [17, 19] . Recently, reports suggested that CT protocols using very low tube current time products (such as 30 mAs instead of 180 mAs) might achieve similar diagnostic performances as unenhanced CT in patients presenting with acute abdominal conditions, such as appendicitis or renal colic, for a radiation dose close to that delivered by a standard abdominal radiograph [20] [21] [22] [23] . Some authors reported that the performance of LDCT for the assessment of appendicitis may not be influenced by the patient's BMI [22] . Other reports, in pediatric populations, suggested that an increased peritoneal fat significantly improves the rate of identification of a normal appendix [24] .
The goal of the current study was to evaluate a low-dose CT protocol of the abdomen and pelvis (LDCT), with oral contrast medium only (no i.v. enhancement), for the diagnosis of acute appendicitis, and compare its performance with a standard-dose i.v. contrast-enhanced CT (standard CT), according to the patients' BMIs.
Materials and methods

Patient population
Eighty-six consecutive adult patients (> 18 years old) admitted during daytime in our emergency department with a suspicion of acute appendicitis underwent LDCT in addition to standard-dose CT. Pregnant women were excluded. The study population consisted of 41 men and 45 women (age range 18-96 years; mean age 45.6 years, median 42.5 years). The study protocol was approved by the institutional review board of our institution (IRB 03-049). Written informed consent was obtained from each patient. The patients' BMIs were calculated by the radiologist and reported on the consent form as BMI < 18.5 (underweight), between 18.5 and 24.9 (normal range), between 25 and 29.9 (overweight) and ≥ 30 (obese) [25] . Slim patients were defined as patients with a BMI <18.5; prior series suggested that absence of pericaecal fat in slim patients may explain false negative CT interpretation [26] .
Technical imaging parameters
LDCTs and standard CT examinations were performed using a four-multi-row Philips MX 8000 CT system (Philips Medical Systems, Best, the Netherlands), from lung bases to symphysis pubis. A topogram was first obtained on the entire abdomen, using the default survey CT setting (120 kV, 50 mAs, 180°tube position). Only one topogram was used for both LDCT and standard CT examinations. A 400-mL dose of oral contrast material (4% ioxitalamate meglumine) was administered to every patient at least 50 min before scanning, according to the standard protocol in force in our institution, to achieve caecal opacification.
LDCTs were performed with the following parameters: 4×5-mm collimation, pitch 1.25, gantry rotation time 0.5 s, tube potential 120 kV, tube current time product per gantry rotation 30 mAs (75 mA × 0.5 s/1.25=30 mAs leading to a volume computer tomography dose index (CTDI vol ) of 2.1 mGy, reconstruction slice thickness 5.0 mm. The displayed CTDI vol was checked by measuring the normalised weighted computer tomography dose index ( n CTDI w ) in a 32-cm-diameter CTDI test object with a 10-cm-long CT pencil ionization chamber connected to an electrometer (chamber 1035-10.3, and electrometer MDH 1015, Radcal, Monrovia, CA). The chamber and electrometer were calibrated in RQR9 and RQA9 beams according to IEC 61267 [27] and are traceable to international standards [27] .
Standard CTs were obtained immediately after completion of LDCT. A 120-mL aliquot (150 mL in patients with a BMI ≥ 30) of 300 mg/mL of non-ionic intravenous contrast material was power injected at a rate of 3 mL/s, with a delay of 60 s before initiating CT data acquisition. Images were obtained with the following parameters: 4×5-mm collimation, pitch 1.0, gantry rotation time 1.0 s, tube potential 120 kV, tube current time product per gantry rotation 180 mAs (leading to a CTDI vol of 12.6 mGy), reconstruction slice thickness 5.0 mm. The average scanned length, for both standard CTs and LDCTs, was 40±5 cm for men and 35±5 cm for women.
Effective dose calculation
The effective dose calculation was performed by a federal expert in radioprotection (FV), independent from our institution.
LDCT
The dose delivered by LDCT was estimated using the ImPACT CT patient dosimetry calculator [28] , using the default n CTDI w of 7.0 mGy/100 mAs proposed at 120 kV (value compatible with our measurements within 10%). The following results were provided by the program: DLP (women)=84±10.5 mGy cm → E (women)=1.7± 0.2 mSv E (men)=84±10.5 mGy cm → E (men)=1.2±0.1 mSv [28] 2. Standard CT Using a CTDI vol of 12.6 mGy instead of 2.1 mGy, the same calculation as used for LDCT was performed to determine the effective dose delivered by standard CT (sixfold increase in effective dose): E (women)=10.2±1.2 mSv and E (men)=7.2±0.6 mSv
Topogram
Based on a prior evaluation of the default survey CT setting and exposure value for 11 CT models [29] , the effective dose of radiation delivered by our CT topogram was considered negligible and not subject to a specific calculation in the frame of this study.
Data collection and analysis
Standard CTs were immediately interpreted on the picture archiving and communication system (PACS) by the senior resident and attending radiologists on duty, and a written report was transmitted to the physician in charge of the patients (standard procedure in our institution). LDCTs were stored in the PACS, but not immediately interpreted by the radiologists. At the end of the case collection, LDCTs and standard CTs were interpreted independently, by two board certified experienced radiologists (PAP and AP), with respectively 11 and 7 years' experience with abdominal CT imaging, blinded to patients' demographics, clinical follow-up and to official CT interpretation.
LDCTs were analysed in a random order and independently by both radiologists, on the same workstation with the same visualization software (Cedara I-softview, 6.1, Cedara software Corp., Mississauga, Ontario, Canada), to allow inter-reader agreement evaluation, using Cohen kappa statistics. Disparities between readers were solved by consensus.
The following signs, commonly related to appendicitis or absence of appendicitis in standard CT [30, 31] , were recorded for each LDCT and reported on a standardized form: 1. appendicolith; 2. appendix diameter-an appendix was reported enlarged when its diameter was at least 7 mm because this value was considered an optimal balance between sensitivity and specificity of the CT [5] ; 3. gas in the appendiceal lumen; 4. caecal wall thickening (localized thickening of the caecal wall at the origin of the appendix); 5. periappendiceal fat stranding, with or without confluence (phlegmon); 6. pericaecal abscess; 7. arrowhead sign (arrowhead-shaped collection of contrast media localized to the upper portion of the caecum, near the root of the appendix) [31] ; 8. contrast media in the appendiceal lumen; 9. free fluid in the lower-right paracolic gutter or Douglas' pouch.
Radiologists had to make a diagnosis of appendicitis or absence of appendicitis, based on their own evaluation of the nine abovementioned signs. They were not allowed to report an LDCT result as uncertain for the presence of appendicitis. Appendicitis was excluded when gas or contrast media was depicted in the appendiceal lumen and/ or in the absence of any sign suggestive of appendicitis. In the absence of appendicitis, the presence of an alternative diagnosis that could explain the clinical presentation was also reported.
After completion of LDCT evaluations, standard CTs were interpreted by the same readers, in a random order, using the same criteria to define appendicitis as used for LDCT reading, except that an appendix wall enhancement was also considered a positive sign of appendicitis. Standard CTs were immediately interpreted by consensus by both readers, without preliminary separate analysis.
A definite diagnosis was obtained for every patient, based on the surgical findings and/or the final discharge report, and was used as reference standard for LDCT and standard CT comparisons.
Statistical analysis
Statistical analyses were performed by using SPSS 11.5 for Windows (Chicago, IL). Two-tailed Fisher's exact test was used for group comparison. The t test was used for comparison of means. Inter-observer agreement between the two radiologists for the depiction of appendicitis or alternate diagnosis was analysed using Cohen kappa statistics. An excellent inter-observer agreement was defined as a kappa value of 0.81 or more. A p value of less than 0.05 was indicative of a statistically significant difference between two different sample populations.
Consensual results for LDCT and CT were compared with definite diagnoses, to figure out the sensitivity and specificity for the assessment of appendicitis and of alternate diagnoses, in the following patient categories:
1. Slim patients (BMI < 18.5) 2. Patients with a BMI between 18.5 and 29.9 3. Obese patients (BMI ≥ 30)
Univariate analyses of the nine abovementioned LDCT signs used to assess (or rule out) appendicitis were performed. Statistically significant parameters were then analysed in a stepwise multivariate logistic regression model, to adjust for potential confounding factors.
Results
Study population and clinical follow-up
Seven (8%) of the 86 patients included in our study were classified as slim, 63 (73%) had a BMI between 18.5 and 29.9, and 16 (19%) a BMI ≥30.
A definitive diagnosis of appendicitis was confirmed by surgery in 37 of 86 patients (43%). An alternative diagnosis was reported in 29 (34%) patients. Twenty patients (23%) had a complete relief of their clinical symptoms and were discharged without specific diagnosis.
LDCT and standard CT diagnostic performances Sensitivity and specificity of LDCT and standard CT for the diagnosis of appendicitis and for depiction of alternative diagnosis, for all patients, are reported in Table 1 . Sensitivity of LDCT (95%) for the diagnosis of appendicitis (Fig. 1 ) was close to that of standard CT (100%), and specificities were identical (96%). There was an excellent inter-observer agreement for LDCT analysis for the presence or absence of appendicitis (Cohen kappa coefficient 0.93). The appendix (normal or abnormal) was identified in 67 (78%) of 86 patients by LDCT and in 75 (87%) of 86 patients by standard CT. LDCT and standard CT achieved similar sensitivity and specificity for detection of appendicitis in patients with a BMI of 18.5-29.9 and in obese patients. LDCT was more limited than CT for detection of appendicitis in slim patients (sensitivity of 50% and 100%, respectively). The observed difference in sensitivities between slim and non-slim patients (including obese patients) was statistically significant (p=0.009) ( Table 2 ).
An alternative diagnosis was considered in 29 (34%) of the 86 patients (Fig. 2) .
Sensitivity and specificity of LDCT and CT for detection of alternative diagnoses are reported in Table 3 . LDCT was 10% less sensitive and almost as specific as CT for detection of alternative diagnoses. There was no statistically significant influence of the patients' BMIs on the diagnostic performance of LDCT and CT for depiction of alternative diagnoses.
Caecal opacification
Opacification of the caecum was obtained in 43 (50%) of 86 patients, in whom a 50-min delay (or more) between oral contrast administration and CT was respected. This delay was shorter (<50 min) in the remaining patients. LDCT was 100% sensitive (22/22) and 95% (20/21) specific in detecting appendicitis in patients with caecal opacification and 87% (13/15) sensitive and 96% (27/28) specific in patients without opacification; the difference in sensitivities was not statistically significant (p=0.16).
Univariate/multivariate analysis of LDCT signs to assess or rule out appendicitis
In univariate analyses, seven of the nine LDCT signs used in this study to assess (or rule out) appendicitis were significantly correlated with the final presence or absence of appendicitis (Table 4) . Contrast medium within the appendix was never found in association with appendicitis and therefore displayed the higher (infinite) odds ratio (OR) among all evaluated LDCT criteria (Fig. 3) . Since the two signs associated with the administration of oral contrast medium (contrast medium within appendix and arrowhead sign) were only evaluated in a subset (n=43) of Table 2 Sensitivity and specificity of low-dose CT (LDCT) and standard-dose contrast-enhanced CT (standard CT) for detecting appendicitis, in slim and non-slim patients, as compared with clinical and surgical follow-up 
Discussion
In the current study the specificity of LDCT to depict acute appendicitis was similar (96%) to standard enhanced CT, while its sensitivity was slightly lower (95% and 100%, respectively). In non-slim patients, both techniques had equivalent diagnostic performances, achieving sensitivities and specificities close to 100%. Therefore, our data suggest that, in patients with BMI > 18.5, LDCT may replace standard CT for the initial evaluation of patients with suspected appendicitis. Only one series to date has specifically compared unenhanced CT with enhanced CT in the same patient population [32] . The diagnostic accuracy of standard CT for acute appendicitis was improved significantly with the use of i.v. contrast media when "the borders of appendix are difficult to discern-on non i.v. enhanced CT-because of minimal retroperitoneal fat". The concern of using CT without i.v. contrast medium in the diagnostic workup of acute appendicitis in slim patients has also been addressed in a prior study [33] in which the authors reported that eight of ten patients in whom CT (without i.v. or oral contrast medium) failed to diagnose appendicitis were slender people. In spite of the fact that the number of slim patients was small (n=7), our data demonstrate that LDCT cannot replace conventional CT in these patients (50% false negative rate).
Only one series evaluated a low-dose CT protocol (< 50 mAs) in an adult patients population for the diagnosis of appendicitis [22] . In this study, LDCTs and CTs were Sensitivities of LDCT and CT were similar to our results (close to 100%); however, our protocols achieved higher specificities (96% in our study, 89% in Keyzer et al.'s study). These results are probably explained by the fact that, in our series, depiction of contrast media within the appendix excluded appendicitis with a high certainty. This observation, along with the finding that arrowhead sign was among the three most predictive signs of appendicitis by univariate analysis, highlights the importance of caecal opacification before performing LDCT. Many series also emphasized the importance of caecal opacification before scanning patients with suspicion of acute appendicitis [1, 2, 7-9, 31, 34-36] . In a recent review of 60 patients with false negative diagnoses of appendicitis by standard CT, Levine et al. stressed the benefit of caecal opacification, especially when imaging lean patients [26] . Those authors observed caecal opacification in 34 (94%) of 36 patients with a correct diagnosis of appendicitis by CT and in only 12 (50%) of 24 patients with a false negative CT (p<0.001).
Our results substantiate these findings, since LDCT was 100% and 86% sensitive in depicting appendicitis in patients with and without caecal opacification, respectively.
In the current study, an enlarged appendiceal diameter (≥ 7 mm) and the presence of periappendiceal fat stranding were the most significant non-contrast-dependent LDCT signs associated with appendicitis on multivariate analysis. These signs were also reported by Keyzer et al. to be highly predictive of appendicitis by LDCT [22] . A high interobserver agreement was reported in both the latter series and ours. These findings suggest that the most predictive LDCT signs to assess or rule out appendicitis are reproducible and relatively observer-independent.
An alternative diagnosis was found by CT in 34% of patients in our study, which is consistent with other series [4, 6, 22] . Our LDCT protocol achieved 83% sensitivity to depict alternative diagnoses. This percentage is also in the range of previously reported studies using standard-dose CT, without i.v. enhancement, to assess patients with abdominal pain [7, 22] . These findings suggest that performance of CT to detect alternative diagnoses is independent of the radiation dose [22] . No influence of the BMI on the depiction of alternative diagnoses was observed in our study; however, the small number of patients with alternative diagnoses in each subset of BMI did not allow us to perform meaningful statistics. Our data showed that standard CT with administration of i.v. contrast media allowed a 10% improvement in sensitivity with regard to LDCT for alternative diagnoses (93% versus 83%), while specificities were similar for both techniques (100% and 96%, respectively).
Since LDCT achieves similar performances as standard CT with i.v. enhancement for the diagnosis of acute appendicitis in patients with BMI >18.5, and similar sensitivity and specificity as unenhanced standard-dose CT for detection of alternative diagnoses [33, 35] , it could constitute a useful tool for the triage of patients with suspicion of appendicitis towards standard i.v. enhanced CT. Indeed, injecting i.v. contrast media in patients with suspicion of acute appendicitis might only be required in a limited number of patients with no evidence of appendicitis or alternative diagnosis on LDCT. The decision to perform contrast-enhanced standard CT after a negative LDCT should therefore be tailored to the patients' clinical presentation, as also suggested in prior studies [37] [38] [39] .
Some limitations of the current study must still be addressed. First, in spite of the fact that LDCTs were collected in a prospective fashion, they were not immediately interpreted and therefore not used in true acute clinical conditions. Second, our study design did not evaluate the influence of the radiologist's training level on LDCT interpretation. Indeed, a radiologist not accustomed with this technique may require a learning experience before being confident in interpreting LDCT images. Third, our study was not designed to assess the percentage of patients in whom LDCT could have replaced standard CT, and the benefit in terms of reduction of radiation dose. Nevertheless, our data suggest that LDCT would have been sufficient to assess the diagnosis of appendicitis in at least 41% of our patient population (33/79) with a BMI ≥ 18.5, without need for further examination. The dose reduction among patients with a negative LDCT for appendicitis (with or without alternative diagnosis) cannot be inferred from our data. Finally, wide confidence intervals were found for the most important predictors of appendicitis diagnosis. This can be explained by the relatively small numbers of subjects included in our analyses.
In spite of these limitations, our results suggest that LDCT may play a significant role in the initial assessment of patients with suspected appendicitis. Therefore, we propose an algorithm to further evaluate our LDCT protocol (Chart 1). Although sonography was not included in the current study, we have integrated this imaging method in our algorithm because many authors suggest that sonography should be used in women with right-lower quadrant pain [37] [38] [39] ; indeed, a gynaecological cause can often be suggested by sonography.
We urge emergency clinicians and radiologists to perform prospective studies to validate this algorithm and to determine to what extent it will reduce the radiation dose delivered to patients admitted with a suspicion of acute appendicitis.
